The shear strength (shear break force) of the plastic ball grid array (PBGA) assembly solder joint formed in different reflow prclfiles is investigated in this paper. It is found that the preheat time of the reflow profile has a great effect on the shear strength of PBGA solder joint, and the best preheat time to achieve the maximum solder joint shear strength is close to 120s. The PBGA solder joint geometry formed in different reflow preheat time is also scrutinized hereinafter. The preheat tine has a crucial effect on the geometry of PBGA solder joint. Since the break usually occurs at the weakest point of the solder joint, the solder joint geometry has a close relationship with its shear strength. The resistance of the PBGA daisy chains (solder joints) is also inspected in this paper. The result shows that the smaller the resistance, the greater thl: shear strength. This is the first time to reveal the relationship between the solder joint shear strength and its resistance.
Introduction
Althcugh the surface mount technology (SMT) for printed circuits board assembly can provide much higher density and better performance than the traditional pin-through-hole (PTH) technology, the packaging density is approaching its technological limit -0.2" U 0 lead pitch. Common problems encountered include poor component lead coplanarity, poor paste printing yield, high incidence of solder bridging and solder balling, and high sensitivity of soldering performance to the mass reflow condition. The emergence of ball grid array (BGA) technology is due to a number of significant advantages compared to SMT and PTH. As the need grows for higher UC), BGA packages become more desirable due to their small real estate requirement [I] . In addition, BGAs are relatively low in cost with good to excellent electrical and thermal characteristics [2] . Perhaps the key advantage of this package style is that it easier to attach to the bottom of the chip carricr (SMT-compatible) [3] .
In any SMT solder joint, fatigue caused by shear strain is the primary failure mechanism. Comparing to the well-known PQFP (plastic quad flat pack), the PBGA packages are more prone to solder joint fatigue problem. This is because the PQFP has a leadframe, which is formed into a gull-wing shape, an~l when the PQFP is assembled on the PCB, this gullwing lead provides the compliance and reduces the stress and strain in ,$e solder joint. On the other hand, the PBGA does 0-7803-5141 -XI98 $1 0.00 01 998 IEEE not have a leadframe but has an organic substrate, and the interconnection to the PCB is only through solder ball. Consequently, the compliance is very small and the solder joint reliability of PBGA is under scrutiny.
In this paper, we will discuss the effect of reflow profile on the solder geometry and the effect of the solder joint geometry on its reliability of PBGA assemblies. The studies will focus on the relationship of preheat time vs. the solder joint shear strength and solder joint resistance. The micro cross-section views of solder joint illustrated will explain the failure mechanism in this paper.
Experimental Process a). Materials and Soldering Process
Bare board and components were obtained from Topline.
The PBGA components have 225 pins (solder balls). A solder ball has a volume of 0.23mm3 and its composition is 63 wt % Sn / 37 wt % Pb. The PBGA has a peripheral dimension of 27" square and its BT (bismaleimide triazine) substrate thickness is 0.5mm. The solder pad pitch is 1.5mm, and the diameter of the copper pads of both the PBGA package and PCB is the same at 0.889mm. Figure 1 Fine-Pitch Micro Placer) was used to place a BGA package (using a vacuum nozzle) on the PCB. Then, the assemblies are preheated at 12OoC for different lengths of time before reflowing at 23OoC for 300s in an infrared oven (PRECISOLD PS-3000). As suggested by our previous work, such reflow condition is the optimum condition for the electrical properties of the sample [4] . After reflowing, the solder joints are joined in daisy chains, as show in figure 2. The daisy chain can be used to perform electrical continuity testing. Two inspection procedures were performed on the PBGA package after reflowing. First, an electrical continuity measurement was made to ensure that all of the solder joints are intact (using a multimeter). Second, an X-ray microscope (SOFlEX PRO-TEST 125) was used to inspect for solder bridge and detect any other anomalies in the solder joints. b). Measurement Process An INSTRON MINI 44 stress-testing machine was used to measure the solder joint shear strength (i.e., shear force at break). The experimental set-up is schematically shown in figure 3. The specimen used for the shear test was cut from 225-pin PBGA assemblies in such a way that one specimen contains 3 rows of solder ball connection. A slot was cut in the PCB under the chip carrier before assembling in the test grip.
The width of the slot is about 4.5 mm, wide enough for inserting the steel crosshead. This is critical to minimize the measurement error. The number of the solder joint connections at each side of the slot is 3x6.
The crosshead of INSTRON MINI 44 universal testing system is made by hardened steel, whose stiffness is much larger than that of the solder joint, and hence its deformation can be ignored. This testing system can eliminate the effect of bending and thus ensure a pure shear test. The shear test was carried out at room temperature and 60% relative humidity, with a crosshead speed of 1 "/min. A HP 4194A IMPEDANCE / GAIN-PHASE ANALYZER was used to measure the electrical resistance of each daisy chain. According to the geometry of the electrical leads, the TEST FIXTURE 16334A was used in our experiment. In order to minimize measurement error, the zero offset adjustment was preformed before testing. The electrical test was also carried out at the room temperature and 60% relative humidity. The Nikon optical microscope was used to observe the micro-structure details of the solder joint cross-section. A scanning electron microscope (PHILIPS XL 40 FEG) observed the joint fracture surfaces.
The diameter of the solder ball / PBGA component solder connection "neck" was measured by using the laser section microscope (LSMJOO).
Test Result and Discussion
Five different preheat time were selected to run the test samples, and they are 40s, 120s, 200s, 300s and 400s respectively. The preheat temperature was 12OoC, and the reflow temperature and time were 23OoC and 300s respectively. a). Shear Strength of Solder Joints
The specimen for the shear strength test was cut from the package assembly. The cutting process was very carefully done in order to minimize the mechanical damage to the test samples. For each manufacturing condition (i.e. different preheat time), a total of 9-10 shear tests were conducted and the average value is quoted. Because the maximum deviation on each kind of test sample was less than 10% of its average value, it is obvious that the additional mechanical damage induced by the sample preparation process can be ignored. Figure 4 shows the shear strength as a function of the preheat time. The curve of the shear strength average value has a peak at the 120s-preheat time, so it can be concluded that the optimum preheat time is close to the 120s. 
1OOHz.
In previous studies [5, 6] , the resistance is always used as a criterion for the thermal shock failures of the solder joints. Table 1 shows the average resistance value of a group of samples. The first column stands for the preheat time and the first row s.tands for the daisy chain (see Fig.2 ). The measuring frequency was at 100Hz. Comparing the resistance value in a row (i.e. :for a particular preheat time), the value variation is large, while in a column, the value variation is small. Figure 5 shows the: sum resistance value vs. preheat time in Table 1 . The curve has the lowest point at the 120s-preheat time, and the variation trend of Figure 5 is exactly reverse to that of Figure 4 . It indicates that the shear strength of solder joints has a clase relationship with its connecting resistance, the bigger the shear strength, the smaller the connecting resistance. The s u m resistance values vs. preheat time at a measuring frequency of 7,500,050 Hz is also shown in Figures. It has the same variation trend with the result Figure 6 shows the solder joint fractured surface of t h~ PBGA. Observing the fractured surface of the solder joints, it was found that the fractures mainly occur at the joint parts of the solder ball I PBGA component solder pad connection and the solder ball I PCB solder pad connection, especially in the former part. In the following discussion, we will focus the attention to these two parts. Figure 7 illustrates the typical micrographs (100 times) of the solder joint cross-section. From Figure 7 (A) to 7(E), each micrograph corresponds to a particular preheat time (from 40s to 400s). In Figure 7 (B)-7(E), the cross-sections of the solder joints show a narrow "neck" only at the interface of the solder ball / PBGA component solder pad connection. At the edge of the neck, there are two comers (see from the cross-section view). As the preheat time interval increases from 120s to 400s, the neck's diameter decreases, and the comer becomes sharper. It is obvious that the narrow neck and the sharp comer will result to solder joint connection breaking when it is subjected to a certain load. In Figure 7 (A), there are two narrow necks at the connecting parts of the solder ball I PBGA component solder pad and solder ball / PCB solder pad. Some neck edge comers even stretch to the inner portion of the neck and form cracks. Obviously, the fracture will occur at these parts of the solder joint when a certain load is applied to it. References preheat time after 120s. This resuit is consiltent with the result shown in figure 7 (B)-7(E).
Conclusioin
The g:ometry of the plastic ball grid assembly (PBGA) solder joint formed in different reflow profiles (different 3. preheat time) is studied in this paper. The mechanical property (shear strength) and the electrical characteristic (resistance) of 4. PBGA solder joints formed in different reflow profile are also investigated. From the cases studied above, the following conclusions can be drawn:
(1). The preheat time of the reflow profile has critical effect on the solder joint geometry of PBGA. When the preheat time is too short, the solder joint exhibits that of a lantern shape, and some cracks often appear in its neck at the narrowest point. When the preheat time is too long, the solder joint shapcs like a dome that has a deficient top. It forms a narrow neck at the interface of the solder ball / PBGA component solder pad connection. The neck diameters 6. decrease along with the prolongation of the preheat time after 120s.
(2). When the solder joint subjects to a certain load force, the solder joint fracture often occurs at the neck in its narrowest point. The biggest shear strength of the PBGA solder joint appears when the preheat time is close to 120s.
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